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Three-Dimensional Measurement of Underwater Objects in a Rectangular Vessel by Using Bi-Path Stereoscopy

Hirotoshi IBE, Yuichi KOBAYASHI, Toru KANEKO and Atsushi YAMASHITA

Itis important to measure shape of objects in a transparent vessel for 3D digital preservation of underwater creatures. We
propose a measurement method using a bi-path stereoscopic image of the objects acquired with a monocular camera via
rectangular vessel planes. The method estimates the posture of rectangular planes based on bundle adjustment considering
light refraction, and measures the 3D shape of underwater objects using ray tracing. Experimental results demonstrated

the effectiveness of the proposed method.
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Fig.1 Bi-path Stereoscopy via Rectangular Vessel
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Fig.6 Detection Process of Corresponding Points
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Tablel Estimated Errors by Error af ¢

Errorofa, deg | ¢ecr deg | O deg | pige MM | pire mm
-1.00 -18.0 0.842 0.00 0.00
-0.50 -7.93 0.122 0.00 0.00
-0.10 -1.55 -0.0523 0.00 0.00
0.10 1.56 0.973 0.00 0.00
0.50 8.44 0.997 0.00 0.00
1.00 19.7 3.13 0.00 0.00

Table2 Estimated Errors by Error df,

Error of b, pixel | ¢e, deg | bcdeg | pige MM | pyre MM
-50.0 -0.667 -2.97 0.00 0.00
-25.0 -0.408 -1.45 0.00 0.00
-10.0 -0.193 -0.581 0.00 0.00
10.0 0.262 0.594 0.00 0.00
25.0 0.796 1.50 0.00 0.00
50.0 1.69 2.88 0.00 0.00

Table3 Estimated Errors by Errors of Corresponding Points

oer pixel | Standard Deviation (SD) af., deg | SD ofé.,. deg
1.00 0.511 0.200
2.00 1.52 0.712
3.00 2.30 1.22
4.00 1.92 1.09
5.00 5.20 1.72
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Table4 Estimation Errors by Errors of Edgeline of Plane Q

Error ofag deg | piqe mm | Error ofb, pixel | pige mm
-1.00 13.6 -50.0 54.9
-0.5 6.72 -25.0 26.3
-0.1 1.33 -10.0 10.3
0.1 -1.33 10.0 -9.93
0.5 -6.58 25.0 -24.2

1.0 -13.0 50.0 -46.7

Table5 Estimated Errors by Errors of Edgeline of Plane R

Error ofa, deg | ptr-e mm | Error ofb,. pixel | p¢re mm
-1.00 -16.7 -50.0 -60.4
-0.5 -8.46 -25.0 -31.4
-0.1 -1.71 -10.0 -12.9
0.1 1.72 10.0 13.3
0.5 8.66 25.0 34.1

1.0 17.5 50.0 71.4

(c) Pattern C (d) Pattern D

Fig.16 Acquired Images for Evaluations

Fig.18 Chess Pattern Image

Fig.17 Detected Corner Points

Table6 Results of Estimation of Rectangular Vessel

Pattern A | Pattern B | Pattern C| Pattern D
¢ deg 1.41 1.17 1.29 1.28
6 deg 43.9 43.6 43.8 43.9
pr Mm 460.7 459.6 460.3 460.8
Ptqg MM 390.4 394.5 392.0 390.2
Per MM 531.1 524.7 528.5 531.3
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Fig.19 Reconstruction of Cuboid Object

Table7 Evaluation of Measurement Accuracy

Pattern A | Pattern B | Pattern C| Pattern D
ha MM 11.9 11.9 11.8 11.9
Hhy MM 10.5 9.23 9.33 9.2
g MM 9.20 10.5 10.5 10.5
Ly MM 10.4 10.3 10.4 10.3
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Fig.20 Underwater Object
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Fig.21 Reconstruction of Underwater Object

PR KDL 25 10mmOFEICx LT 1 - 2mmizE DR
FZTEHllE N, 72720, KEAMIZOWTIEEA LHB T
SMMBEDAENEL TS, BRIEIX XD FoNBiRERE
REEREHWT AT —VHEZITV, T H5DEZHWT
NE—y D ONERE 3RITGCEHE U 72ER, pre = 9.81mm,
prp = 10.3MM, e = 9.91 B K pyp = 9.89Mm & 72 H Imm
RiDMEL Loz, ZDZ e 5, IRTAHBIOMAETER
U TR EROMEEAES KRB EREN TS LTV L
EZoN5.

4.3 3RITEHAIEER

B 20129 T2 AF v LTI & H 5 8 % KRk
Y UT 3WITEMERET->72. SIFTREEDOY Yy F ok
PSR ZFNT & O SRR EAG U, 55 R BT S5 E
A OB ZHE UARSTEL S AT — V2 HfE L, #EX
N7 1B £ 1 D7 B BB % Kk D 3Bk % A T
LAY F U EDEILE. 0B, vy F U ieBidas
B X% 16x15 pixel & U7z, B 2123l & vz ke gk o
3TN % 3IRTTHMER U 78R 2 R T . KPR IRA D
SHUTNES OBRPEBREINT NS Z & 2HERL .

5. ¥ Bl

EAKRBRARORMEZAALF Yy ) T —varvInks
RAX T 1ADHEANTAEGANDKPYIEZFHHIT 5 FiEz
BELEZ., YIalb—YarbIOHEMIERIC L VREF
% G U 7285 1 S, R OFRE  BEMEERREIT & D

A = VR RSN U B Z e R L. K
RO 3YGLFHUEER TIE—EBIZFAFHAA S 0 5 DRk )
KO IREEERTELZ L 2R L.
SHOFEIIERINH B X OEBRORBRE ORI Ed &
CHDOJETIZ X DEFEEAI L TENA Mexy F U 7Tk
DEANLENRDH L. £/, BEFEEACCEHEGLIEIIZLD
KR D L FH 21T, Thoe 26352 Tk
KOEEFGET -2 E2ERT I RENPEZLND.

El [

RO IR, RIS FZE (A) 22680017 & L U
MRS 7 DR & %2 1 72

Z £ X B

1) A. Banno, T. Masuda, T. Oishi and K. Ikeuchi: Flying Laser Range
Sensor for Large-Scale Site-Modeling and Its Applications in Bayon
Digital Archival Project, International Journal of Computer Vision,
78, .2-3, (2008) 207.

2) A. K. Chong and P. Stanford: Underwater Digital Stereo-Observation
Technique for Red Hydrocoral Study, Photogrammetric Engineering
and Remote Sensing8, 7, (2002) 745.

3) R. Kawai, A. Yamashita and T. Kaneko: Three-Dimensional Mea-
surement of Objects in Water by Using Space Encoding Method, Pro-
ceedings of the 2009 IEEE International Conference on Robotics and
Automation, (2009) 2830.

4) A. Yamashita, R. Kawanishi, T. Koketsu, T. Kaneko and H. Asama:
Underwater Sensing with Omni-Directional Stereo Camera, Proceed-
ings of the 11th Workshop on Omnidirectional Vision, Camera Net-
works and Non-classical Camera, (2011) 304.

5) T. Yano, S. Nobuhara and T. Matsuyama: 3D Shape from Silhou-
ettes in Water for Online Novel-View Synthesis, IPSJ Transactions
on Computer Vision and Applications, (2013) 65.

6) HEES, IITE, &F&, MM MIRZATF VAR T E2HW
TR D 3IRTTIARGHA, #E% L2268, 79, 4, (2013) 334

7) PHBAK, WNE, &TE, MM v Ea b —RITHEE L
V—HF L vV 7 7a v R EAVEENERTORTYIED 31R5EH
REHA, BUREERA 7« 7¥REE, 67, 11, (2013) J379

8) D. H. Lee, I. S. Kweon and R. Cipolla: A Biprism-Stereo Camera
System, Proceedings of the 1999 IEEE Computer Society Conference
on Computer Vision and Pattern Recognitién(1999) 82.

9) A. Yamashita, Y. Shirane and T. Kaneko: Monocular Underwater
Stereo -3D Measurement Using Difference of Appearance Depending
on Optical Paths-, Proceedings of the 2010 IEEE/RSJ International
Conference on Intelligent Robots and Systems, (2010) 3652.

10) R. Li, H. Li, W. Zou, R. G. Smith and T. A. Curran: Quantitative Pho-
togrammetric Analysis of Digital Underwater Video Imagery, |IEEE
Journal of Oceanic Engineering?, 2, (1997) 364.

11) A. Sedlazeck and R. Koch: Calibration of Housing Parameters for
Underwater Stereo-Camera Rigs, Proceedings of the British Machine
Vision Conference, (2011) 118.1.

12) J. Canny: A Computational Approach to Edge Detection, IEEE Trans-
actions on Pattern Analysis and Machine Intelligerge6, (1986)
679.

13) R. O. Duda and P. E. Hart: Use of the Hough Transformation to Detect
Lines and Curves in Pictures, Communications of the AQM], 1,
(1972).

14) B. Triggs, P. F. McLauchlan, R. I. Hartley and A. W. Fitzgibbon: Bun-
dle Adjustment - A Modern Synthesis, Proceedings of the Interna-
tional Workshop on Vision Algorithms: Theory and Practié883
(2000) 298.

15) D. G. Lowe: Object Recognition from Local Scale-Invariant Features,
Proceedings of the International Conference on Computer Vigion,
(1999) 1150.

16) P.J. Rousseeuw and A. M. Leroy: Robust Regression and Outlier De-
tection, Wiley Series in Probability and Statistics, New York, (1987).

17) A. Savitzky and M. J. .E. Golay: Smoothing and Differentiation of
Data by Simplified Least Squares Procedures, Analytical Chemistry,
36, (1964) 1627.

18) WHAMER, BEEM : WO~y F U BT Y T T RIVHEE
DRk WE, & H8uE(E Y2 GE D-Il, J85-D-II, 12, (2002)
1791

19) Z. Zhang: A Flexible New Technique for Camera Calibration, IEEE
Transactions on Pattern Analysis and Machine Intellige@@e,11,
(2000) 1330.



